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BACKGROUND OF THE INVENTION 

5 (a) Field of the Invention 

The present invention relates to a fluidized bed reduction reactor and, 
more particularly, to a fluidized bed reduction reactor which prevents the 
reacted fine iron ore from being back-mixed with the non-reacted fine iron 
ore. 

10 (b) Description of the Related Art 

Generally, a blast furnace has been extensively used to make a hot 
metal iron through reducing and melting an iron ore. However, the blast 
furnace involves a drawback in that the charging materials should be pre- 
treated to bear agglomerated forms such as sintered iron ore and cokes. 

15 In order to solve such a problem, a smelting and reduction has been 

developed for the direct use of fine iron ore and coal without p re-treatment. 

The smelting and reduction is based on the uses of a melter gasifier 
and a fluidized bed reduction reactor. The melter gasifier gasifies the coal 
charged therein to make a reducing gas, and melts the reduced iron fed from 

20 the fluidized bed reduction reactor. The fluidized bed reduction reactor 
utilizes the reducing gas generated from the melter gasifier to reduce an iron 
ore in an indirect manner. The fluidized bed reduction reactor is provided 
with a pre-heating reactor for pre-heating the iron ore charged therein, a pre- 
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reduction reactor for reducing the iron ore fed from the pre-heating res 
and a final reduction reactor. 

Coal is continuously charged into the melter gasifier from the top, 
and and form a char bed therein at a predetermined height. When the coal 

5 is combusted in the presence of high pressure oxygen gas blown in from the 
lower part, high temperature reducing gas is generated therein, and fed to 
the fluidized bed reduction reactor. A reduced iron ore is also charged into 
the melter gasifier from the top, and melted while passing through the char 
bed to thereby form a molten iron. 

10 In the fluidized bed reduction reactor, a fine iron ore at an ambient 

temperature is charged into the pre-heating reactor, and sequentially passes 
through the pre-reduction reactor and the final reduction reactor. The flow 
of the iron ore is made through discharge duct (stand pipe) interconnecting 
the each reactor. The flow of iron ore is directed toward the bottom reactor 

15 from the top reactor by its own weight. 

The reducing gas is sequentially supplied to the respective reactors 
through gas ducts interconnecting them. The flowing direction of the 
reducing gas is directly opposite to that of the iron ore. That is, the reducing 
gas is sequentially flown into the final reduction reactor, the pre-reduction 

20 reactor, and the pre-heating reactor in turn. Since the bottom reactor bears 
a pressure higher than that of the top reactor, the reducing gas is flown from 
the bottom reactor to the top reactor. 

When the iron ore passes through the above-structured fluidized bed 
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reduction reactor, it is heated and reduced up to 90% or more by the high 
temperature reducing gas. 

Such a fiuidized bed reduction reactor involves several advantages 
in that the efficiencies of heat and material transfer between the fine iron ore 
5 and the reducing gas are very high, and the temperature and the 
concentration distribution of the iron ore are homogeneous within the 
fiuidized bed. 

The fiuidized bed reduction reactor also involves a disadvantage in 
that the mixing of the fine iron ore in the fiuidized bed is so rapid as to make 

]() the residence time of the fine iron ore therein uneven. In case the 
residence time of the fine iron ore is uneven in the respective reactors, a part 
of the fine iron ore newly charged into the relevant reactor is mixed with the 
reacted iron ore, and discharge into the subsequent reactor while being not 
fully reacted. This phenomenon is called the "back mixture" of fine iron ore. 

]f> In the occurrence of such a back mixture phenomenon, the overall reduction 
degree of fine iron ore is seriously diminished. 

It has been proposed that partition weirs should be installed at the 
respective reactors to prevent the back mixture phenomenon. 

For instance, several partition weirs can be installed above the gas 

20 distributor to divide the fiuidized bed into several reaction regions. Each 
partition weir except the one which divide the first and the last reaction 
regions has a center hole for passing the charged fine iron ore. The fine 
iron ore sequentially passes through the holes of the first to last partition 
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weirs while being reduced in the ftuidized state at the respective reaction 
regions by the reducing gas blown into the reactor from the bottom. 

However, since the holes of the partition weirs are somewhat not 
favorable for the flowing of the iron ore through the holes. Furthermore, the 
r> residence time of the iron ore in the respective reaction regions is not even 
so that the quality control becomes difficult. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a fluidized bed 
reduction reactor which can prevent occurrence of the back mixture 

o phenomenon while maintaining the residence time of the charged fine iron 
ore in a constant manner. 

This and other objects may be achieved by a fluidized bed reduction 
reactor with a plurality of fluidized bed reactors. Each fluidized bed reactor 
has a gas distributor. An iron ore charging duct vertically passes through 

r> the top of the fluidized bed reactor with a free end. The free end of the iron 
ore charging duct is positioned close to the top center of the gas distributor. 
A spiral-shaped partition weir is placed over the gas distributor. The 
partition weir surrounds the iron ore charging duct while being spirally 
extended from the iron ore charging duct to an inner wall of the fluidized bed 

:) reactor. The one end of partition weir is fixed to the inner wall of the 
fluidized bed reactor. A discharge duct is installed at a wall of the fluidized 
bed reactor to discharge the fine iron ore from the fluidized bed reactor. 
The discharge duct is positioned near the fixed end of the partition weir. 
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In the above structure, the fine iron ore charged through the iron ore 
charging duct is fluidized and reduced while spirally moving from the center 
of the fluidized bed reactor to the inner wall of the fluidized bed reactor. 
Therefore, the back mixture phenomenon where the reacted fine iron ore is 
r> mixed with the non-reacted fine iron ore does not occur. 

Furthermore, the charged fine iron ore flows along the spirally 
extended space surrounded by the partition weir in a sequential manner so 
that the residence time of the fine iron ore in the reactor can be maintained in 
a constant manner. 

l() BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention, and many of the 
attendant advantages thereof, will be readily apparent as the same becomes 
better understood by reference to the following detailed description when 
considered in conjunction with the accompanying drawings in which like 
ir> reference symbols indicate the same or the similar components, wherein: 

Fig. 1 is a perspective view of a fluidized bed reactor for a fluidized 
bed reduction reactor with a back mixture prevention unit according to a 
preferred embodiment of the present invention; and 

Fig. 2 is a pian view of the fluidized bed reactor shown in Fig. 1. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of this invention will be explained with 
reference to the accompanying drawings. 
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Fig. 1 illustrates a fluidized bed reactor for a fluidized bed reduction 
reactor with a back mixture prevention unit according to a preferred 
embodiment of the present invention, and Fig. 2 illustrates the flowing of the 
charged fine iron ore in the fluidized bed reactor shown in Fig. 1. Since all 
5 of the fluidized bed reactors have the same structure, only one fluidized bed 
reactor is illustrated in the drawings. 

As shown in the drawings, an iron ore charging duct 12 is inserted 
into the fluidized bed reactor 10 with a free end while being connected to an 
iron ore charging bin (not shown) at its opposite end. 

10 The iron ore charging duct 12 may pass through the top center or 

side portion of the fluidized bed reactor 10. The free end of the iron ore 
charging duct 12 is positioned directly above the center of a gas distributor 
19. It is preferable that the iron ore charging duct 12 should be linearly (not 
bending) positioned at the vertical axis line of the fluidized bed reactor 10. 

■15 Tne gas distributor 19 is internally placed at the lower part of the 

fluidized bed reactor 10 while bearing a plurality of nozzles. The gas 
• distributor 19 uniformly distribute the high temperature reducing gas 
generated from a melter gasifier (not shown) to the inner space of the 
fluidized bed reactor 10. A gas supply duct 16 is connected to the fluidized 

20 bed reactor 10 below the gas distributor 19 to supply the reducing gas 
thereto. 

A spiral-shaped partition weir 13 is placed over the gas distributor 19. 
The partition weir 13 surrounds the iron ore charging duct 12 while being 



WO 01/42515 



PCT/KR00/01417 



spirally extended from the iron ore charging duct 12 to the inner wall of the 
fluidized bed reactor 10. 

The free end of the partition weir 13 is positioned close to the iron 
ore charging duct 12, and the opposite end thereof is fixed to the inner wall 
r> of the fluidized bed reactor 10 via a vertical plate 14. Accordingly, one 
continuous spirally extended channel is formed in the fluidized bed reactor 
1 0 by way of the spiral-shaped partition weir 1 3. 

The partition weir 13 may be spirally extended from the iron ore 
charging duct 12 either in the clockwise direction or in the anti-clockwise 
(j direction. Furthermore, the width of the spiral channel may be constant, or 
gradually increase beginning from the iron ore charging duct 12. 

It is preferable that the height H of the partition weir 13 should be 
greater than that of the iron ore fluidized bed formed within the fluidized bed 
reactor 10. 

5 A discharge duct 15 is installed at the wall of the fluidized bed 

reactor 10 to discharge the reacted iron ore. The discharge duct 15 is 

' positioned between the top of the partition weir 13 and the gas distributor 19 
while standing at the side of the vertical plate 14 where the flowing of the iron 
ore in the reactor 10 is terminated. 

3 In operation, the reducing gas generated from the melter gasifier is 

supplied to the bottom of the fluidized bed reactor 10 through the gas supply 
duct 16, and the fine iron ore fed from the iron ore bin is charged above the 
gas distributor 19 through the iron ore charging duct 12. 
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The reducing gas and the fine iron ore are continuously fed to the 
fluidized bed reactor 10. 

The charged iron ore moves along the spirally extended channel 
formed by the spiral-shaped partition weir 13 while proceeding from the 
f) center of the fluidized bed reactor 10 to the inner wall thereof. At this time, 
the fine iron ore forms a fluidized bed with the reducing gas blown through 
the gas distributor 19 while being reduced. 

The charged iron ore particles are fluidized and reacted in a 
sequential manner so that the back mixture phenomenon does not occur. 
10 The flow of reacted fine iron ore is blocked against the vertical weir 

14, and discharged through the discharge duct 15 positioned close to the 
vertical weir 14. 

The residence time of the fine iron ore in the fluidized bed reactor 10 
may be controlled through elongating or shortening the length of the spiral- 
15 shaped partition weir 13. That is, the spiral distance of the partition weir 3 
may be widened or narrowed. 

The following example further illustrates the present invention. 

Example 1 

The specification and experimental conditions for the fluidized bed 
20 reduction reactor were as follows. 

(a) Specification of the fluidized bed reactor (the pre-heating reactor, 

the pre-reduction reactor, and the final reduction reactor) 
■ Radius of the gas distributor: 0.74m 
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■ Height of the fluidized bed reactor from the surface of the gas 
distributor: 6.0m 

■ Distance between the inlet of the discharge duct and the surface 
of the gas distributor: 1.5m 

■ Distance between the outlet of the iron ore charging duct and the 
surface of the gas distributor: 0.5m 

■ Height of the partition weir: 2.5m 

■ Length of the partition weir: 7m 
(b) Fine iron ore 
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■ Particle (grain) size of the fine iron ore: under 8 nun 



■ Particle size distribution: 



under 0.05 nun : 4.6%, 0.05-0.15 mm: 5.4%, 



0.15-0.5 nun: 16.8%, 0.5-4.75 mm: 59.4% 



4.75-8 mm: 13.8% 



1 5 



■ Chemical composition of the fine iron ore: 



T.Fe: 62.17%, FeO: 0.51%, SiQ 2 : 5.5%, 



Ti0 2 : 0.11%, Mn: 0.05%, S: 0.012% 



P: 0.65%, crystal water: 2.32% 



(c) Reducing gas 



20 



■ Chemical composition 



CO: 55%, H 2 : 20%, C0 2 : 5%, N 2 : 20% 



■ Temperature in the fluidized bed reactor: 830 °C 
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■ Superficial gas velocity at the surface of gas distributor: 1 .6m/s 

■ Pressure in the fluidized bed reactor: 2.0kgf/cin" 

Several experiments were carried out with the fluidized bed reactor 
to examine the fluidized bed reduction behavior of the fine iron ore charged 
5 therein. 

The experimental results exhibited that the charging and discharging 
of the fine iron ore are continuously made for a long time in a uniform 
manner. It follows that the flow of the charged fine iron ore is uniformly 
made without delay while forming a fluidized bed in a stable manner. 

K) Furthermore, when the reduction degree of the fine iron ore 

discharged through the discharge duct 15 was checked, it turned out that the 
fine iron ore was completely reduced, and the reduction degree thereof was 
90% or more. It follows that the charged fine iron ore is not back-mixed 
while maintaining its residence time in a constant manner. 

15 While the present invention has been described in detail with 

reference to the preferred embodiments, those skilled in the art will 
appreciate that various modifications and substitutions can be made thereto 
without departing from the spirit and scope of the present invention as set 
forth in the appended claims. 



